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THE R-38 CATASTROPHE AND THE MECEANICS OF
RIGID AIRSHIP CONSTRUCTION, *
(German translation of Spanish article
puvliish2d in "Memorial do Ingenieros,"
by Firilic Herrera, Chief of Engineers,

Madrid.)

The dreadful disaster which overtock the English rigic air-
ship R-38, on August 24, 1921, ard in which 4% ren perished, was
a terrible shock to th:z whele aeronautic ﬁbrld, eince (in view
of the successful opérétion of regular air traific lines by the
Gérmans, both vefore and after the war, with Zezpelin airships
which covered over SO0,000 km., without the least injury ©o any
passenger). it was corfidently assuméd th=t airship construction
héd élready beem pariectzl to siuch a degree as to solve the prob-
lem of long distance air traff:c with the essential factor of
‘saféty, which could not be attained by airplénes for a long time
to cone, |

Of course, thorcugh investigations were undertaken, in order
to deterﬁina the causce of the catasircphs, as to wihether they
were inherent iﬁ the éystem itself and therefore impcssible to

~@&void in this kind of airshiﬁa or whethér, on the contrary, the
accident resulted frox errcrs in constructicn, unfqreseen occur--
rences, or faulty operation in this particular instance, which
would in no way affect the use of rigid airships. |

The airship R-38, built in ths workshops of the Short Broth-

rs, in Bedford, and finisred by the British Admiraliy, was de-

* Fror "Luftfahrt," April, 1922.



-2 -

elgned for the North American Navy as the ZR II and was destroyed
in the attempt to fulfill tke very hard acceptance conditions.
Its main dimensions were: length 218 n.; diameter 36 m.; gas
capacity, 77,000 cu.m.; engine power, 2100 EP (6 engines of 350
Hp each); carry.ag c2pacity, 50 tons; spesd, 137 km/h.

The rigld frame comnsisted of duralumin girders, similar to
the ones used in Zernelin airships, but i+ wes buils under'specf
ial emnditions, whizh ruc* be texen inio account in endeavoring
to dstermine ths causes of the disaster.

In the firs: place, it was the largest airship ever dbuilt,
its gas capacity being £570 cu.m. larger than that of the largest
zeppaiin, and i%s constrichion preszated more difficult technical
protlems than those already solved for the Zeppelins.

Its carrying capacity was about 604 of its total 1ift, a fig-
ure which likewise exceedzd that attained by previous airsnips
and which could only Ye reoached by reducing the weilght of the
frame at the expense of its strength. The above ratio of carrying
capacity to total 1lift (maximum 1ift of an airshiyp, without the
dynamic power obsained in oblique ascent) enables the determina-
tion of the static altitude in the follcwiag manner.

when an airship ascends without load, it can rise to a cer-
tain height, where the air density iz only 604 of its value at

sea-level, which according to the formula

5g
Z = 18400 log -5
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(in which 2 is the attainable altitude, 5, the air density at
sea-level, and § th:z air density at the height iimit). corres-
ronde.to an altitude of 7360 m., whidi is necessary in order to
be beyond the reach of anti-aircrafi guns.

Such 2 static 23titude had hitherto not been attained by any
airship, since it was comnsiderad uncafe to make the requisite re-
auction in the weight of the fiame.

But, in order to fulfill these excertional conditions, this
airship showed varicus original and daring innovations, which were
in no way sanciicned oy 2%xperisnce.

The radial vracing c¢f the main rings or transverse frames,
by which the intericr of tae airshiv was divided into separate
gas cells, was replaczasd by.tangential bracing and the number of
cells or compartmerts was reduced to 14, instead of 12, as pos-
cessed by the largeest Zecpelins. This gave increased 1ift, but
the fres portions of the longitudinal girders between the rings
(subjected to prescur:z and bending siresses) ware increased %o
15 m., insvead of 11 m., as cn all Zappeling, exceptinz the onzs

with longitudinal stays, which were lacking, however, on the R-38.
Thus the strength of these girders was greatly reduced.

Moreover, it mu3% be borne in zind that the tuilders of this
airship of such unusual characteristics, had previously built no
metal eirship, but that their experience in this field of such
difficult and deliczte work was limited to the rigid wooden air-

ships R-31 and R-32 which came from tneir shops several years ago.
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During the builiing, various longitudinal girders broke un-
der the weight of the workmen. During inflation, other girders
broke and the first trial trip showed that the entire frame was
too weak, necessitating various repai=-s znd reinforcements.

The airship had tanks for 40,CC0 liters of gascline and
could f£ly 9,600 km. at full speed, or 14,500 km. at cruleing
speed. Its redio station had a range of 3,400 km., and was fully
equizped for radiotelephemy and for obtaining its bzarings by
"radio. ,

The accéptance ccnéitions consisted in the demonstration of
the above-mentioned flight characteristics. On the fourth and
last trip of this z2irship, which wes begun at 7:10 &,m., August
23, from the Howden airdrome, the speed and maneuverability tests
~were to be mads. The latter tests (severest of all) cousisted
in flying iﬁ sharp zigzags for 20 minates, in crder td test the
"strength of the frame ard the working of the rudder,

The airship remained the whole <¢ay and night of the 234, in
the air Qnd wisu, aiicT successfully corpleting its speed tests,
it was above Full a2t 8 o'clock on the morning of August 24, the
rﬁdder tests were begun with three successive turns, with the
rudder hard over. [luring the third turn the frame of. the airship
gave wa& near its center of grévity fror: the lateral bending
stresses, whereupon there was immecdiately a series cf explosiomns,
followed by fire and the plunge of thz giant airship into the

Humter, not far from the harbecr of Hull.
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The exceedingly violent explosions which broke the window
panes of the city of Hull, showed that they took place afier in-
juries to the gas bags and the formation of an explosive mixture
of air and hydrogen, which w&e probably ignited by the exhaust
gases from the engines,

In order to facilitate the explanation of how the fatal btreak
must have occurrcd, 52 will give brisfly a gene;al idea of what
may be termea the mechanics of rigid airships.

Generally the frame of a rigic airship (Fig. 1) consists of
a series of rings (ccc) or regular polygons, between which are the
gas bage and which are connected by longitudiral girders (11) ex-
tending from the nose to the tail, where the rudders and elevators
are attached.

The frame thus formed, may be regarded acs a rigid girder sub-
jected to 2 nurber of forces which, according to their nature,
may be classified as follows: weight or loads (force of gravity);
1lifting forces (aero-static); acceleraticns (drnamic). These
forcas must be in equilibrium in the three most important cases
during flight: (1) Vhen the airship is floating (aerostatic prob-
iem); (2) When flying without acceleration (aerodyramic problem);
(3) When under the influence of any accelerating force (dyna@ic |

problem). We will briefly conesider each of these cases.

1. Aerostatic Przblem.

When an airship is at rest with respect to the surrounding

air, it is subjected to the force of gravity resulting from the
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weights of the variocus parts and the loads carried. and to the
1ift exerted by the gas bags. Both forces change Guring flight,
the former being diminished by the fuel consurption and relsase

of ballast, thouga 1t may be increased by rain or snow. The lift-
ing force charges wita the temperaiure of the gases and cf the ailr
and with changes in alsitude &nd usually cecreases constantly from
osmose, permeadbility of the gas bags, leazy valvss, esc.

Since the directiorn c¢f all these forces is vertical, there is
equilibriuz when the sum of ikeé upward forces ejuals the sunm of
The downward forces and thelr respeciive resultanie pase througa
orie ani the same point. |

T the lerngth of +the alirship is rerresented by the lins 4R

4

(Fig. 2) and there are drawn at right argles to this line ordi-
nates rerresenting the cross-sectional arsas cf the gas space, we
_*hen have a diagram analcgous t0 the displacement curve in ship-
building, repressnting the distribution of the lifting forces
alorg the longitudinal axis cf the airship. Tais curve can change
witk the quantisy and bﬁoyuncy cf the gas ir tne pags. bud will
always keep.inside'pf &,curve (prlain liﬁe); woich rspresents the
liffing force when the airship is'ccmzletely Tilled with pure hy-

drogen at sea-level with the highest rcssible temperature of the
v &

hydrogen gas and the lcowest pbssible temperature of ihe surrocund-
ing atmoschere.

AB regards the loads or weights carried, a distinction is
nade between those which remain consiant during flight (weight of
airship itself ard of the crew) and the changeable weights (fuel,

food, baliast).
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If we take, rerpendicular .tc the line AB, ordinates rep-
reeenting the constant weights, we have the load curve coxrespond-
irng to the last part of the flight, after all the fuel, focd and
ballast have been used up. The resuitant of all these minimum
welghts must be offset by the lifting force of the remaining gas.
This is the case'when the area, between t:e dash curve of the min-
imum lift {whose ordinates st be proportional to tnoee or Tae
naximum 1ift) and the longitudinal axis AE equals the dark area
bounced by the curve cf constant weight and wnen, at tae same'tiﬁq
the centers of gravity ol the twe areas heve tae same abscissas.
Iin designing an airsiip, ihe ccnstant'weighté mest aocbrdingl? be
distriovuted so as to fulfill +tnis conditicn.

The variable loads (hatciea area) must be so distribrted
tha%t their variations will not displace *he caenter of gravity, or
s0 that their center of gravity will always have tne game abscie-
sa AG. Thus tie magritude and disiribution of the maximur loals
can be esteblished sc that the area included in its curve will
equal that of #Le maximum 1ift.

The aistribution of these loads may be azcomplished in var-
ious ways. We must choose the method which will exert +the small-
est beﬁding stresses on the members of the frame. 1In tnis connec-
tion we see that, in every cross-section of the airship, there is
exerted a resultant force which equals the difference between the
corresponding lift and weight. And if, for each point of the axig

we introduce a new ordinate wiich represents the moment of the
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forces befween it and the cne end oif tre airstip, we can then
draw the curve oi ths bending moment (dot line in Fig. 2). in
wnich we consider as positive bending moments those wihicn tend to
bend the ends of the airsaip upward and as negative throse which
tend to bend tlew downward. If we draw the corresponding curvas
for various load distributions, we car find empirically thLe curve
whicl gives the minimum bernding momeni. [e rust bear in nmind,
however, that come solutions are impracticable, namély, when they
indicate an'ext:aordinary accuralation of welghts in any given
cross-section. This would produce a relatively large shearing
force waich would necessltate strengthening the corresponding
gsection of trhe frame.

The lcads ere generalily suprporied by tae rings. partly 3di-
rect and paftly Lty a girder inside thLe hull, which also serves
as a connecting corridor. The lifting forces of the gas bags are
transferrsd by means of & net to the longitudinal girders of the

frame and to the corridor girder.

8. Aerodynamic problem.

When the airship is flying, the driving fcrce P (rig. 3),
is transferred by the propellers to the cars cr gondolas which,
being rigidly attached tc tae frame of the airship, in turn suvp-
rort tas motion of the airsnip by overcoringz the air resistance
R, vwhereby the longitudinal girders ia front of the engine cars
are subjected to pressure. gince the air resistance acte chiéfly

in the directior of the axis of the hull and the ergine cars are
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located outside of and below tae hull (for aercostatic stability),
there is generated a momeht which tends to make the airship nose
up. This woment must be neutralized by an equal and opposite mo-
ment F-F produced by the elevators. The latter moment takes th
form of a bending moment (hatchéd area) to which all cross-
sections beshind the first engine car are subjected. For every
cross-section, this moment is equal to the moment of the forces
F-F, which are behind the cross-section under consideration, mi-
nus the moment of the propeller forces for this portion of the ai:
ship.

In each cross-section, this beniing moment ie éxertei cn alil
longitudinal gircders, tre siresses being proporiional to the 4is-
tance from the neutral zone. Hence the forces produced in each
individual girder offset a porvion of the %otal bending moment and
indeed proportional to the square of their cdistance Irom the plane
of the neutral axis. ‘

When an'aiiship, through uneven distribution of its load,
flies on an inclined keel, the air, striking obliquely against “h:
null and especially against the horizontal tall planss, exerts a
force equal and opposiﬁe 40 those of all +he vpalancing static
forces, which likewise give rise to correspcnding bending nomenis
in tae different cross-sections. Tasse bending moments must be
corputed in the same mahner as those produced by static forces,
vhile also taking iato consideration the lateral coﬁponents of the

air pressure in each cross-section.
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.3 .Dynanic problen.

The most important case of the dynamic problem occurs wher,
with the airship going at full speed, the elevators and rudders
are sudderiy displaced to their full exient. At this instant
‘(Fig.4) there_is produced against the rudder an &air pressure,
whose lateral component tends %o turn the airship cbcut its center
of rotaticn 0. This lies in front ¢f the center of gravity g
at a distance equal to the moment of inertia of tae airship dividf
ed by the product of its m&ss times the distance between the centa:
of gravity g and the ceanter of applicaticn of the rudder force.
In other words, the product of the distance of g Ifrom C anc
from the rudder surfaces is equal tc the sguare of the radius cf
inertia of the airship.

The angnlar acceleration given the airship is equal to the
moment of the rudder forée, with reference to the center of gravi-
ily, c¢iviced by the moment of inertia of the airship and this angyr
lar acceleratioh rrocuces rectilinear accclerations in the differ-
ent cross—sécticns, according to their distance from 0. Thus
there are produced in every cross-section, tircugh the linear ac-
celeraiion, inertia forces equel to the product of ths macs times
the acceleration. These forces (showa in pig. 4) produce bpending
moments (dot curve), whose maximum occurs a little behind tae cen-

ter of gravity.

Application to the p-I3.

Witk 77,000 cu.m. gas capacity and 1.1 kg. per cu.m. 1lifting
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force of commercial hydrogen, we can assume the maximum aerostatic
force of the airshiv to have been about 85 metric tons and the
ninimum 35 tons (weight of airsinip without variable ioad). The
variable 1c¢2d would trerefore be 50 tons.

mhe asrodynemic forces of the sireghip, in horizontal flight
under full engine power, way be computed in ths followihg manner.
With en engine power cf 2100 Hp, oz 1E7,E00 ksusses., end a speed
of 120 km/I., or 33.3 m/sec., the pulling forge, if it could be
completely transferred, would be 157,500 divided by 33.3, or
4735 kg., and if we assuuc & propeller efiiclercy of 704 (the usi-
al value), we would have 3300 kg. pulling force, which aleo equils
the &a.r ~esistance to be overcome by the airship. 7The nose is
thercicre subjected tc this pregsure which, in this particular ia-
stance, is divided betweern 20 girders, so that esach girder is sub-
jected to & pressurs of 1€5 kg.

The distance of the middle line cf the air resistance from
the plane of the prereller axes wasg &bout 15 meters. The momert
tending to make cthe zirship nose up (dynanmic tail-heaviness) was
accordingly 3300 x 15, or 49,500 kgm., which had to be offset by a
force of 49500/120, or 41% kg., exerted by tne elevotors, if we as-
sume that the elevator surfaces were apout 120 m. from the center
of gravity. Arpliecd at & distance of 80 n., i.e., in the viciniiy
of the rear engine cars, this force would have exerted a tending
monent of 413 x 80, or 33,040 kgm., which the 20 girders had to

withstand, the upper ones in pressure and the lower ones in tensior
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If the radius of the airship is taken as one, then two of the
girders are in the neutra; plane, four at 0.31, four at 0.59, four
at 0.61, four at 0.85, and two at 1.00 distance from the saxe
‘plane. 7Tnc force gererated in each girder would be propertioneal
to the squere of its distence, i.e., to 0.10, 0.35, C,65, 0.90,
or 1.G0. 7these numbers multipliied by the corresponcing numbers
of girderz and added together, give 10, from which it may ve de-
duced that in the most stressed girders, i.e., in these farthest
from the neutral plane, a mwoment of 3304C,/1C, or 33C4 Xgn., is
produced end that, with a lever arm of 13 =. (radius of airshiy),
the fcrce to be withstood by each gizder wculd be 33C4/13, or
353 kg.

Tac Cynamic forces are more difficult to compute because we
need to kncw the moment of inertia of =he airshipr, for which we
have nmo satisfactory data. We can, Lowever, make an approximate
corpusaticn, by taking asg its basis a hormogenecus girder c¢f the
same langth and mass as the airship.

The tctal mass ¥ of the airship is 85,000 xg. , not including
the mass of the 77,000 cu.m. of hydrogen (about 15,000 kg.), or
altogether 100,070 kg. With an over-all length of ths airship of
312 m., we will take 210 m. as the length of a girder, disregard-
ing the tip of the tail. '

Tae total area of the vertical stabilizers and rudders was
about 100 s3.m., which was about the same as the total aresa of tie

horizontal stabilizers and elevators and since, with the rudders
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hard over, an aerodynamic coefficient Ky of 0.04 can be obtained;
the iroamsverse foxce at the tail could e about F = KySV *= 0.04 x
100 X 33.5°% = 4.5 me'ric tons. ) -

A 100-i6n girdes 210 meters long, weuld have a romeny of in-

eTtia J = ——9329 3}9 = 284,200,000 kgm. sec.s, and iis centes cf

rotation, =ith the erplication of a itransverse force at ore enc,
. J _ 31C . .
woull lie T35 31 =~ "B - o5 meters in froni c< ihe center of Fuov-

ity. 1In this case the angular accelcration A would oe

- per second.

nhe fsrce of inertie, produced in every Cress- secticn at &
Cisteice of x from the center of zctation, will huve a value ¢¥
M x L x X, in which M <Tspresents the mass of the cross-secivic”
under consideraiticn. By —zpresenting these foxces graphlically
(rig. 5), we obtain the similar triangles g§ and s, the algelr:
ic sum of whose momenis, with refersuce to a given cross—secticp,‘
give the bending moment in the same twoss-sectlon. This sum o

the noments may te s:rresced:

2 1
S 70 +x) -8 5 X
. s 70° ) .
and if we rmake = = = , we obtain for the beading noment
S ‘- )
-3
3 (140 + B - ;ig\
3 ) 70% /
™ 140°
Dynenic equiliorium, rowever, requires F = 8 Py - g =
from whizh we cbiain, as ke opending moment for each cross-sectinv
- -’.3\
£ (;40 + 3% - —z )
° , 70~/
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The maximum bending moment will occur in the cross-section
corresponding to the value of x where its differential quotient
(3 - -~1 vanishes, i.e., for x = 70 y. This cross-section is

5 meters tshind the center of gravity ard ite bending moment is

£ (240 + 5 x 70 - 70) = 2%9 F = 140000 kgm.

- -

The girders farthest from the neutral plane must therefore

licOPQ
bs able to withstand a force of g #o = 1077 kg’

If this fcrce iz added %c the above-nentioned aerodyramic stresses
we Iind that the gircers would each be subjecied to a total stress
of about 1330 kg. at the center of gravity of the airship, where
the brzak actually occurred.

We see therafore that the dynamic effect of a violent‘rudder
displacement, which was easily producsd on this aizzhip with its
balanced rudders, cculd be more than four times as large as the
combined static and azvodyaamic loads during ordinary flight. It
1s nect strange, ther:sfcre, +that a rigic airship, whose frame had
alrealy been strained by the two latter forces and was then vithin
a few minutes, while s%ill under naximum engine power, put to the

fearful test of having its rudder thrown hazd over, should break

entirely in two.

frou the German
Translated/by the yaticnal Advisory Committee for Aeronautics.
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